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The following bidentate Schiff base: 2-[(4-Methoxybenzyl)iminomethyl]-phenol (HL), was employed 
as an asymmetric ligand in the synthesis of two mononuclear nickel(II) and cobalt(III) complexes 
(Ni(II)-2L and Co(III)-3L). This ligand has been synthesized via condensation of salicylaldehyde and 
4-methoxybenzylamine in methanolic solution, while the both complexes result from complexation of 
metal(II) chloride hydrate salts with HL. These coordination compounds were structurally 
characterized by elemental analysis, FT-IR, UV-Vis, 
1
H NMR and 
13
C NMR spectral studies. 
Moreover, the electrochemical properties of both complexes were studied by cyclic voltammetry in 
DMF solution containing 0.1 M tetra-n-butylammonium tetrafluoroborate (Et4NBF4). This study 
reveals that each complex showed successively two redox couples: M(III)/M(II) and M(II)/M(I). 
Finally, the electrocatalytic activity of these complexes has been examined and it has been found that 
the both complexes worked as effective homogeneous electrocatalysts for the electroreduction of 
bromocyclopentane and iodobenzene using glassy carbon as working electrode. 
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1. INTRODUCTION 
Schiff bases are the condensation product of primary amine and aldehyde or ketone that are 
employed as ligands in coordination chemistry with several transition metals ion [1-6]. The structure of 
these metal Schiff base complexes can be tailored by wisely choosing the starting materials, what in 
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turn allows to selectively modify their properties and therefore their potential applications [7-10]. 
Thus, these compounds have been used widely in electrocatalysis [11], organic synthesis [12], 
corrosion inhibitors [13] and many biological activities [14].  
The number and the nature of the donor atoms of the Schiff base ligands make them very 
excellent candidates to synthesize metal complexes. Salicylaldehyde and its derivatives are especially 
useful among carbonyl precursors for the synthesis of a large variety of Schiff bases, what can be 
achieved by reacting them with different kinds of primary amines. Such condensation reactions lead to 
bidentate ligands containing imine groups, which can be used as the modulators of structural and 
electronic properties of transition metal centers [15,16].  
The catalytic reduction of alkyl and aryl halides by transition metal Schiff base complexes is 
subject of growing interest in past few decades. On the other hand, considerable research has been 
focused to the electrochemical behavior of nickel and cobalt complexes in different solvents. Part of 
this research is devoted to the development of effective reduction electrocatalysis [17-20]. In this 
sense, the cobalt complexes were used as homogeneous catalysts for reductive cleavage of halogenated 
organic compounds such as, bromoethane [21],1-bromobutane [22], bromobenzene [21],1-iodobutane 
[23], 1-iododecane [24], benzyl chloride [25], 1,8-diiodooctane [26] and 2,6-bis(chloromethyl)pyridine 
[27]. The cobalt(I) electrogenerated react with alkyl or aryl halides to form an organocobalt(III) 
intermediate, followed by further reduction of the latter to get the desirable products. As for nickel 
complexes, they have been also employed for the catalytic cleavage of carbon-halogen bonds in a 
variety of organic compounds [28-30]. 
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Scheme1 Preparation procedure of HL and its metal complexes of Ni(II)-2L and Co(III)-3L. 
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Keeping in view the huge interest in the synthesis of new catalysts agents and according to the 
appropriate electrochemical performance previously mentioned for cobalt and nickel Schiff base 
complexes, we describe herein the synthesis of mononuclear complexes of Co(III) and Ni(II) 
containing bidentate Schiff base ligand obtained from condensation of 4-methoxybenzylamine and 
salicylaldehyde (Scheme 1). Both complexes have been characterized by different analytical and 
spectroscopic methods. Cyclic voltammetry has been carried out in order to investigate the 
electrochemical behavior of nickel and cobalt complexes as well as their catalytic efficiency towards 
the electroreduction of bromocyclopentane. 
 
 
 
2. EXPERIMENTAL 
2.1. Reagents and instrument 
           The following chemicals were commercial products purchased from Sigma-Aldrich: 
Salicylaldehyde, 4-Methoxybenzylamine, NiCl2.6H2O, CoCl2.6H2O, Tetra-n-ethylammonium 
tetrafluoroborate, bromocyclopentane, iodobenzene, methanol and dimethylformamid. All these 
reagents and solvents were used as received without further purification. 
Purity of the synthesized Schiff base HL and their complexes was checked by TLC. The 
melting points were measured on a Kofler Bank 7779 apparatus. Chemical analysis of C, H and N was 
performed using a LECO TruSpec Micro CHNS elemental micro analyzer. FT-IR spectra were 
recorded on Perkin-Elmer 1000 spectrophotometer, with sample being diluted in KBr pellets (4000-
400 cm
-1
) while the electronic spectra were obtained on a Unicam UV-300 Spectrophotometer with 
DMF solutions (1 cm, cell) in the 200-800 nm range. 
1
H NMR and 
13
C NMR spectra were recorded on 
a Bruker 400 MHz spectrometer with CDCl3 as solvent and tetramethylsilane (TMS) as the internal 
standard. Chemical shifts (δ) are expressed in ppm. 
Electrochemical measurements were performed using a potentiostat Voltalab 40 model PGZ 
301. The cyclic voltammograms were carried out in cell of 5 ml provided with three-electrode under an 
inert atmosphere at room temperature, consisting of a glassy carbon (GC) as working electrode 
(diameter 3 mm) and a platinum wire as the counter electrode (CE). All the potentials are quoted 
versus the saturated calomel electrode (SCE). The glassy carbon working electrode was manually 
cleaned with diamond paste and rinsed with acetone and DMF polish prior to each scan. The 
supporting electrolyte was 0.1 M Tetra-n-ethylammonium tetrafluoroborate (Et4NBF4) in DMF as 
solvent. 
 
2.2.1. Preparation of the ligand HL 
The Schiff base ligand, 2-[(4-Methoxybenzyl)iminomethyl]phenol HL, was synthesized from a 
methanolic solution (6 ml) of salicylaldehyde (122 mg, 1 mmol) and a methanolic solution (6 ml) of 4-
Methoxybenzylamine (137.18 mg, 1 mmol) [31]. The mixed solution instantly turned yellow and was 
then stirred under reflux for 2 hours. Yellow crystals were produced by slow evaporation of ligand 
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solution at room temperature for 7 days. Yield: 71%, m.p. 80°C. Microanalysis of C15H15NO2 found 
(calc.) was: C 75.18 % (74.67); H 6.16 % (6.27); N 5.95 % (5.81). 
 
2.2.2. Preparation of the Complex Ni(II)-2L 
The nickel complex Ni(II)-2L was obtained from warm methanolic solution of the Schiff base 
HL (1 mmol) to which a solution of NiCl2.6H2O (118.83 mg, 0.5 mmol) in methanol (5 ml) was 
dropwisely added [32]. This mixture was stirred and boiled under reflux for 4 hours. The product was 
precipitated as a green powder. The precipitate was then filtered off, washed with cold methanol, dried 
and stored. Yield: 43%, m.p. 198°C. Microanalysis of C30H28N2O4Ni found (calc.) was: C 67.59 % 
(66.82); H 5.14 % (5.23); N 5.13 % (5.19). 
 
2.2.3. Preparation of the Complex Co(III)-3L 
This complex was prepared by using the following procedure: A solution of CoCl2.6H2O 
(80.92 mg, 0.34 mmol) in methanol (5 ml) was added dropwise to a warm solution of the Schiff base 
HL (1 mmol). This mixture was stirred and maintained under reflux for about 3 hours. The product 
was precipitated as a green powder. The precipitate was then filtered off, washed with cold methanol. 
Dark green single crystals of Co(III)-3L suitable for X-ray analysis were obtained by slow evaporation 
of the filtrate. Yield: 33%, m.p. 228°C. Microanalysis of C45H42N3O6Co found (calc.) was: C 69.42 % 
(69.31); H 5.33 % (5.43); N 5.46 % (5.39). 
 
 
 
3. RESULTS AND DISCUSSION 
3.1. Chemistry 
The present study is based upon the employment of bidentate Schiff-base ligand (HL), which is 
obtained by reacting 4-methoxybenzylamine and salicylaldehyde in 1:1 molar ratio. The corresponding 
complexes were synthesized by the reactions of HL with chloride metal salts (NiCl2.6H2O and 
CoCl2.6H2O) in methanol to obtain Ni(II)-2L and Co(III)-3L, respectively. All synthesized compounds 
were stable at room temperature and soluble in common organic solvents such as CH2Cl2, ACN, DMF 
and DMSO. 
 
3.2. Spectroscopic properties 
 Electronic spectra  
UV-Vis absorption spectra of HL and the two complexes in DMF solutions have been studied 
in the range of 290-700 nm, as illustrated in Fig. 1. The ligand HL shows only intense absorption band 
at 316 nm, assigned to the n-π* transition of azomethine chromophore [33,34]. This band is shifted to 
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the 325 nm in the spectrum of the nickel complex showing a bathochromic effect, confirming the 
presence of azomethine–metal coordination as expected [35]. However, this last band is absent in the 
spectrum of the cobalt complex [36]. The other broad band appears at around 400 nm, which is 
attributed to charge transfer transition of the Co(III)-3L complex [37]. The d-d transitions appear in the 
range 500–700 nm in the cobalt(III) and nickel(II) complexes. The Ni(II)-2L complex has a single d-d 
band at 614 nm, consistent with square planar stereochemistry [38]. The Co(III)-3L complex has two 
d-d bands at 588 and 653 nm. These electronic transitions are characteristic of a cobalt(III) complex in 
a six-coordinate octahedral geometry [39]. 
 
 
 
 
Figure 1. UV–Vis spectra of ligand HL and its metal complexes Ni(II)-2L and Co(III)-3L in DMF, 
the inset shows d–d transition region of the two complexes. 
 
 Infrared spectra 
FT-IR spectroscopy is a useful technique for determining the functionalities on the novel 
synthesized compounds. The FT-IR spectrum of HL ligand has been compared with that of the Ni(II)-
2L and Co(III)-3L complexes in order to confirm the coordination of HL to the metals ions, in the 
region 4000-400 cm
-1
. The FT-IR spectra of ligand and its nickel and cobalt complexes are found to be 
quite complex, exhibiting a large number of bands with varying intensities. Accordingly, instead of 
showing the full spectra, the most important stretching frequencies of the FT-IR spectral features of the 
two complexes and free ligand have been shown in Table 1. 
The FT-IR spectrum of the free ligand HL presents a broad band characteristic of the OH group 
centered at 3448 cm
-1
. The strong band observed at 1624 cm
-1
 is due to azomethine (C=N) stretching 
vibration [3]. This band is shifted to the 1606 cm
-1
 in Co(III)-3L and 1612 cm
-1 
in Ni(II)-2L, indicating 
the participation of azomethine nitrogen in coordination [40,24]. The band located at 1454 cm
-1
 and 
1253 cm
-1
 can be attributed to the C–N and C–O stretching of the of the ligand. But after complexation 
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of C–N and C–O group via nitrogen and oxygen to the metal ion, these bands were shifted to 1391 and 
1324 cm
-1 
[41] for Ni(II)-2L, and to 1387 and 1320 cm
-1 
for Co(III)-3L [42]. Finally, the FT-IR spectra 
of the both complexes show new bands in the regions 590-591 and 436-469 cm
-1
. These bands can be 
assigned to ν(M-O) and ν(M-N) stretching vibrations, respectively [43,44]. 
 
Table 1. FT-IR (υ/cm-1) spectral data for HL and its metal complexes. 
 
Compound ʋ(OH) 
(Broad) 
ʋ(C=N) ʋ(C=C) ʋ(C–N) ʋ(C–O) ʋ(M–N) ʋ(M–O) 
HL 3448 1624 1505 1378 1314 − – 
Ni(II)-2L – 1606 1509 1391 1324 436 591 
Co(III)-3L – 1612 1515 1387 1320 469 590 
 
 
3.1.3.
1
H and 
13
C NMR spectra 
The 
1
H and 
13
C NMR spectra of the ligand HL and its diamagnetic nickel and cobalt complexes 
were recorded in CDCl3 solutions and chemical shifts are reported in Tables 2 and 3. In the 
1
H NMR 
spectrum of the Schiff base HL (Fig. 2), the phenolic OH proton appears as a broad singlet in the offset 
region at 13.494 ppm [45]. The characteristic signal at 8.431 ppm, is due to the azomethine (–HC=N) 
proton [46]. In the aromatic region, multiplets are observed between 7.356 and 6.884 ppm [47], which 
can be attributed to protons of benzene rings of the ligand. Two signals appearing at 4.773 and 3.830 
ppm can also be assigned to methylene (N–CH2) protons and methoxy (O–CH3) protons, respectively 
[48].  
In addition to this, the disappearance of signal of the hydroxyl protons in the spectra of 
complexes indicates that the OH groups become deprotonated after coordination. A downward shift 
(7.428 ppm) of the azomethine protons (HC=N) signal with respect to the corresponding free ligand is 
observed for Co(III)-3L; the same signal is also shifted in the spectrum of the nickel complex Ni(II)-
2L to 10.405 ppm, suggesting the involvement of azomethine nitrogen in the coordination with metal 
ion [43,49]. In the case of the latter, the three (HC=N) protons give only one signal, which is slightly 
broader than that of the free ligand, suggesting a composite nature [50]. The aromatic protons of the 
three aromatic benzene rings in the coordinated Schiff base ligand appear in the appropriate region. 
The aliphatic protons (N–CH2 and OCH3) for the Co(III)-3L complex have been detected in the range 
of 4.055 to 4.878 and 3.805 to 3.830 ppm respectively. As for Ni(II)-2L, they have been obtained at 
5.457 and 3.845 ppm respectively. 
13
C NMR spectral data were consistent with 
1
H NMR spectral data. For Schiff base ligand HL, 
the peak appearing at 165.193 ppm is assignable to the imine carbon atoms [9]. On the other hand, the 
resonance signals observed in the region 132.311 to 114.082 ppm is attributed to phenyl function of 
the ligand. The aliphatic N–CH2 and OCH3 carbon peaks of the ligand are detected at 62.568 and 
55.344 ppm, respectively (See Fig. 2). The same signals are present in the 
13
C NMR spectra of the 
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Ni(II)-2L and Co(III)-3L complexes but, they have shifted downfield invoking coordination of the 
ligand to Co(III) or Ni(II) ions through its azomethine groups. The observed three-line pattern in the 
13
C NMR spectrum of Co(III)-3L is indicative of a tris-chelate structure [51].These chemical shifts 
may be approached to those reported in the literature [52,43]. 
 
 
 
Figure 2. (A) 
1
H NMR and (B) 
13
C NMR spectra of the Schiff base HL. 
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Table 2. 
1
H NMR and 
13
C NMR spectral data of the Schiff base HL and its metal complexes Ni(II)-2L 
and Co(III)-3L (in CDCl3); δ in ppm; s, singlet; dd, doublet of doublets; m, multiplet. 
 
OCH3(4) N–CH2(8) H(1-2, 5-6, 11-14) N=CH(9) OH 
1
H NMR 
OCH3(4) N–CH2(8 C(1-3, 5-7,10-15) N=C(9)H - 
13
C NMR 
3.833(s, 3H) 4.775(s, 2H) 6.888-7.301(m, 8H) 8.432 (s, 1H) 13.487(s,1H) HL 
553.55 62.577 100 to 140 5953561 - 
3.845(s, 3H) 5.457(s, 2H) 6.319-7.521(m, 8H) 10.405(s, 1H) –  
Ni(II)-2L 55.313 60.366 114.075to 133.309 164.751 - 
3.816(s, 9H) 4.055-4.88 (dd,6H) 6.455-7.138(m, 24H) 7.428(s, 3H) –  
 
Co(III)-3L 
553.55 
55.327 
55.356 
60.562 
60.205 
59.924 
 
113.848to134.138 
165.888 
165.888 
165.888 
- 
 
3.2. Electrochemical characterization 
The electrochemical behavior of HL ligand and corresponding complexes Ni(II)-2L and 
Co(III)-3L were studied at room temperature by cyclic voltammetry in DMF solution containing 0.1 M 
Et4NBF4 at scan rate of 100 mV.s
-1 
over a potential range from -2.2 to +1.5 V. vs. SCE, Fig. 3. An 
oxidation wave can be observed at Epa = 1.21 V. vs. SCE in the CV that may be assigned to the 
oxidation of the phenolic group, as reported in the literature [53]. During the reduction sweep, HL 
presents a peak at Epc = -1.89 V. vs. SCE, due to the reduction imino group [54]. Cyclic voltammetry 
of the complexes Ni(II)‑2L and Co(III)‑3L was performed in potential ranges of −2.2 to 1.5 V. vs. 
SCE and −1.6 to 0.8 V. vs. SCE, respectively. The cyclic voltammogram of Ni(II)-2L (Fig. 3) shows a 
well-defined oxidation peak at Epa1 = –1.46, followed by three oxidation waves at Epa2 = 0.8 V. vs. 
SCE, Epa3 = 0.97 V. vs. SCE and Epa4 = 1.20 V. vs. SCE in the anodic scan. The first and the second 
ones are assigned to the Ni(I)/Ni(II) and Ni(II)/Ni(III) oxidation reactions, while the last two oxidative 
processes can be attributed to the oxidation of the bidentate Schiff base. In the reverse scan, two clear 
cathodic peaks are obtained at Epc1 = 0.63 and Epc2 = −1.56 V. vs. SCE. The former one corresponds 
to the reduction of Ni(III)/Ni(II) couple, whereas the latter one to Ni(II)/Ni(I) couple [55].  
In the case of Co(III)‑3L complex, the cyclic voltammogram exhibits two systems redox which 
are attributed to Co(II)/Co(I) (E1/2= -0.92 V. vs. SCE) and Co(III)/Co(II) (E1/2= 0.01 V. vs. SCE) redox 
processes, respectively. The first couple shows an anodic peak at Epa1= -0.78 V. vs. SCE with its 
corresponding cathodic peak at = -1.06V V. vs. SCE [37], and the peak to peak separation (ΔEp) is 
evaluated to 0.29 V. Whereas the second couple [Co(II)/Co(I)] is observed with a cathodic peak 
potential Epc= -0.33 V. vs. SCE, an anodic peak potential Epa = 0.32 V. vs. SCE [56], and also the 
peak to peak separation (ΔEp) is equal to 0.65 V. These results suggest that the first couple behaved as 
a quasi-reversible redox process while the second as an irreversible redox system. These redox systems 
of Co(III)-3L are both proposed as monoelectronic transfers. 
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Figure 3. Cyclic voltammogram of 1 mM solution of HL (—) and Ni(II)-2L (—) in DMF containing 
0.1 M Et4NBF4  at scan rate 100 mV.s
-1
. 
 
 Effect of scan rates 
We have checked the effect of scan rate for the Ni(II)/Ni(I) redox process by cycling in the 
potential range to -1.2-1.8 V. vs. SCE (Fig. 4) on glassy carbon electrode in the same electrochemical 
system previously reported in Fig. 3. The initial CV, Fig. 4A, shows a well-defined redox peak at Epa = 
-1.47 V. vs. SCE (anodic peak) and Epc= -1.57 V. vs. SCE (cathodic peak) corresponding to 
Ni(II)/Ni(I) system. The peak to peak separation between the anodic and cathodic potentials at this 
scan rate is ΔEp1=100 mV. The current intensity and the evolution of the peak position of this redox 
system has been tracked at different scan rates between 10 and 500 mV.s
-1
, the results obtained being 
illustrated in Fig. 4B. A continuous increasing of both anodic and cathodic peak currents (ipa, ipc) 
accompanied with a neat shifting of the anodic and cathodic potentials to the positive and negative 
values, respectively. The linear dependency of both anodic and cathodic peak currents (ipa, ipc) with the 
square root of the scan rate (v
1/2
) was noted (Fig. 4 curve C). This behavior was attributed to an 
electrochemical process, mainly diffusion-controlled. Furthermore, the anodic and cathodic peak 
potentials (Epa, Epc) are proportional to the logarithm of the scan rate (Log ν) as below demonstrated 
(See Fig. 4 curve D). 
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Figure 4. (A) Cyclic voltammograms of nickel complex recorded in the range between -1.2 and -1.8 
V. vs. SCE using 100 mV.s
-1
 as scan rate; (B) Same experimental conditions with various scan 
rates (10, 25, 50, 75, 100, 200, 300, 400 and 500 mV.s
-1
); (C) Anodic and cathodic potentials 
(Epa/Epc) versus Logν; (D) Anodic and cathodic peak currents (Ipa/Ipc) versus square root of the 
scan rate (ν1/2). 
 
3.3. Electrocatalysis 
Lastly, we have analyzed the catalytic reduction of Bromocyclopentane by the synthesized 
Ni(II)-2L and Co(III)-3L complexes in 0.1 M Et4NBF4/DMF solutions. Fig. 5 shows the CVs obtained 
at 100 mV.s
-1 
scan rate using a fixed Ni(II)-2L concentration of 1 µM, while different concentrations of 
bromocyclopentane and iodobenzene (2, 3, 4 and 8 µM) were tested in this electrocatalytical study. 
Curve A (black line) in both CVs shows the Ni(II)/Ni(I) redox couple as previously mentioned. After 
addition of 2 µM of either bromocyclopentane or iodobenzene (B curves in Fig. 5 A-B), the 
characteristic behavior of an electrochemical catalytic process is observed: the reduction current 
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increases progressively with a peak potential of -1.59 V whereas the anodic peak expressing the 
oxidation reaction of Ni(I) decreases rapidly. When the concentration is further increased for both 
aliphatic and aromatic halides (2, 3, 4 and 8 µM), the anodic peak describing the reoxidation of Ni(I) 
species disappears and the cathodic peak current grows consequently. However, this increasing is not 
in linear relationship towards the substrate concentration. This behavior indicates sluggish or 
incomplete regeneration of Ni(II)-2L specie [30,57]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Cyclic voltammograms of the electrocatalytic reduction of A) bromocyclopentane and B) 
iodobenzene at different concentrations (DMF/Et4NBF4, 0.1 M) using a 1.0 mM solution of 
Ni(II)-2L complex as catalyst. Scan rate of 100 mV.s
−1
. 
 
Furthermore, Fig. 6 shows the effect of different bromocyclopentane and iodobenzene 
concentrations on the electrochemical response of a 2 mM solution of Co(III)-3L complex recorded 
under similar experimental conditions (potential range of -1.6-0.3 V. vs. SCE). Again, the curve A 
depicts the initial Co(II)/Co(I) redox couple. In the presence of 1µM of each halide (curve B), 
important changes are observed. So, the cathodic current corresponding to the regeneration of Co(I) 
complex in the interface electrode-solution increases while the anodic current, due to the oxidation of 
Co(I) complex decreases. This decrease may be explained by the consumption of the cobalt species in 
the diffusion layer via reaction with bromocyclopentane and iodobenzene [58]. 
By increasing the concentration of (curves C, D, and E), a small peak appears at −0.84 V [59], 
the intensity of this new peak grows as the concentration of bromocyclopentane and iodobenzene 
increases. This peak is attributed to the formation of Co(I) species and its follow-up reaction with these 
halides intermediates leads to the formation an organocobalt(III) complex, which is further 
electroreduced [60]. The cathodic peak shifted to the negative potentials while the anodic peak was 
completely disappeared [24]. This is due to the fast catalytical reaction with the substrate [61]. These 
observations can be considered a signal of the electrocatalytic reduction by electrogenerated Co(II) 
species. 
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Figure 5. Cyclic voltammograms of the electrocatalytic reduction of (A) bromocyclopentane and (B) 
iodobenzene at different concentrations (DMF/Et4NBF4, 0.1 M) using a 2.0 mM solution of 
Co(III)-2L complex as catalyst and 100 mV.s
−1
  as scan rate. 
 
 
 
4. CONCLUSION 
In conclusion, we have investigated the synthesis and characterization of asymmetric bidentate 
(ON) Schiff base ligand (HL) and its mononuclear nickel and cobalt Schiff base complexes, Ni(II)-2L 
and Co(III)-3L. NMR, electronic and FT-IR spectral analysis have been confirmed the tetra- (N2O2) 
and octa-(N3O3) coordinated forms of the both complexes. Moreover, the electrochemical behavior of 
the ligand and its metal complexes were studied by cyclic voltammetry. These voltammetric studies 
showed interesting redox systems. Accordingly, these complexes were used as homogeneous 
electrocatalysts in DMF solutions containing 0.10 M Et4NBF4 as supporting electrolyte and glassy 
carbon electrode for the reduction of two kinds of halides: bromocyclopentane and iodobenzene as 
aliphatic and aromatic substrates. These both complexes were found to be able to catalyze the 
reduction of the two halides. We also believe that this work will shed light on future works on the 
synthesis of numerous Schiff base–metal complexes using bi-, tri-, and tetradentates Schiff base 
ligands containing methoxy functional groups. Furthermore, it was envisaged that these compounds 
will be involved in the electrode modification for many applications, such as electrocatalysis, 
electroanalysis and as well in the detection of biomolecules. 
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